ABSTRACT The recent identification of myocardial metabolites ofethanol-fatty acid ethyl esters-suggests that some ofthe pathophysiological derangements associated with alcohol-induced heart muscle disease may be a consequence ofproducts ofmyocardial ethanol metabolism. The donor of the fatty acid moiety in the formation offatty acid ethyl esters has been identified as nonesterified fatty acid. Fatty acid esterification with ethanol is shown to be mediated by cholesterol esterase (sterol-ester acylhydrolase, EC 3.1.1.13), a finding that identifies a singular nonoxidative ethanol metabolism by an enzyme. A potential basis for the protective effect of ethanol ingestion on atherogenesis is also suggested because fatty acid ethyl esters inhibit cholesterol esterification catalyzed by pancreatic cholesterol esterase and hepatic and aortic microsomal fatty acyl-CoA:cholesterol O-acyltransferase (EC 2.3.1.26).
Although an association between alcohol and heart disease was first described by Walshe in 1873 (1), the recognition of alcoholism as an important component in the history ofpatients with noncoronary myocardial disease was not made frequently until 1964 (2) . Approximately 1-2% ofchronic abusers develop overt signs of cardiac dysfunction (3); among the cardiomyopathic disorders, alcohol-induced heart muscle disease (AIHMD) is the most common, accounting for 3% of cardiac admissions to Veterans Administration or city hospitals (4) .
AIHMD is associated with chronic alcohol abuse in the absence of vitamin or caloric deprivation (5, 6) . However, the bases for the depression of myocardial contractility (7, 8) , development of cardiac arrhythmias (9, 10) , accumulation of triacylglycerides (11) (12) (13) , and decreased /&oxidation of fatty acids (11) (12) (13) (14) have not been elucidated. Because 14Co2 has not been detected in hearts perfused with [14C] ethanol (11, 15) (17) . ['4C]Ethanol was purified by distillation from KOH as described (16) .
Heart Homogenates. A 10% suspension (wt/vol) of rabbit ventricle in Krebs-Henseleit buffer was homogenized for 15 sec with a Polytron (Brinkman), and the resulting homogenate was incubated at 370C and extracted with acetone at selected intervals (16) .
Preparation of Labeled Lipids. Isolated rabbit hearts were perfused (18) with Krebs-Henseleit buffer saturated with 95% 02/5% C02 at 370C. After 15 min ofequilibration, ['4C]linoleic acid (10 ,uCi; 1 Ci = 3.7 x 10'°becquerels) was injected, and perfusion was continued for 10 min, at which time lipids were isolated by extraction (19) and by thin-layer chromatography on silica gel (20) . Specific radioactivities determined by liquid scintillation spectrometry and assay ofester concentration (21) were: polar lipids, 143 dpm/nmol; diacylglycerides, 137 dpm/nmol; fatty acids, 325 dpm/nmol; triacylglycerides, 15 (23) were prepared containing egg phosphatidylcholine (5.0 umoV ml), cholesterol (2.0 ,umol/ml), and [14C]oleic acid (from 0.1 Abbreviations: AIHMD, alcohol-induced heart muscle disease; FAEE, fatty acid ethyl esters.
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These results indicate that cholesterol esterase will nonoxidatively metabolize ethanol at concentrations attainable in vivo as a consequence of social drinking. The high Km for ethanol implies that product formation would be related in a first-order manner to ethanol concentration achieved because saturation of the enzyme binding site for alcohol would require supraphysiological concentrations. Thus, should similar kinetics pertain to human FAEE biosynthesis, the more one drinks, the more FAEE would be formed.
The identification of pancreatic cholesterol esterase as an enzyme capable ofmetabolizing ethanol, togetherwith the data indicating that nonesterified fatty acid-present in heart in concentrations of =130 ,uM for linoleate, for example-participates in ethyl ester formation, suggests that cholesterol esterase in heart is the enzyme responsible for FAEE formation. Definitive conclusions await purification ofthis myocardial enzyme. More broadly, however, the implication is that FAEE are synthesized throughout the body because cholesterol esterase has been identified in many different organs (27) . The potential importance ofthese products ofnonoxidative ethanol metabolism may lie in their interaction with enzymes that recognize naturally occurring fatty acid esters.
Potential Biological Significance of FAEE. In this regard, product inhibition of cholesterol esterification by FAEE was examined. Intracellularly, fatty acyl-CoA:cholesterol O-acyltransferase, a microsomal enzyme, and cholesterol esterase, a cytosolic enzyme, catalyze cholesterol esterification (27) , with the former enzyme identified in many tissues such as liver (25, 28) and aorta (24, 26, 29) and the latter enzyme identified in pancreas (30) , peritoneal macrophages (31), and aorta (24 ethanol on a daily basis (32) . Total cholesterol concentration was increased but esterified cholesterol was reduced in such individuals (33) . Although the pathophysiology of atherogenesis is complex, an early lesion in blood vessels before atheromata formation appears to be enhanced esterification of cholesterol. Marked increases in cholesterol oleate and linoleate (27, 34) and in the. activity of fatty acyl-CoA:cholesterol O-acyltransferase and cholesterol esterase, enzymes responsible for their synthesis, are observable 1 wk after initiation of an atherogenic diet in rabbits (24, 35) . The present findings suggest that inhibition of cholesterol esterification by FAEE, with retardation of an early key metabolic reaction necessary for atherogenesis, may be at least a partial mechanism for the protective effect of moderate ethanol ingestion on the development of atherosclerosis. They may also explain, in part, the decreased fraction of esterified cholesterol found in the blood of patients hospitalized for alcohol abuse (33) . Interactions 
